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(54) BATTERY MEASURING EQUIPMENT 

(5 7) Abstract: 

PURPOSE: To provide a battery measuring equipment for measuring various 
characteristics, e.g. residual capacity or service life, accurately in real time. 
CONSTITUTION: The terminal voltage and the charge/discharge current of a battery 
1 1 are measured at a voltage measuring section 13 and a current measuring section 
14 and the measurements are fed to a characteristics calculating section 15 where 
the residual capacity and the like are determined. In the characteristics calculating 
section 15, a charge calculating section 17 around an electrode determines the 
charges Qn thereabout based on the voltage and current. The charge is substantially 
proportional to the voltage and has predetermined delay characteristics with respect 
to the variation of current. A total charge calculating section 18 represents the delay 
in the form of transfer function and conducts lead compensation according to the 
reverse characteristics thereof thus calculating the total charge (residual capacity) 
Qa of battery with no influence of delay due to diffusion. Each processing section 19, 
20 then determines the open voltage and service life accurately and instantaneously 
base on the Qa thus calculated with no influence of diffusion. 
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A. Relevance of the above-identified Document 

This document has relevance to claims 1 to 8 and 12 of the 
present application. 

B. Translation of the Relevant Passages of the Document 

See also the attached English Abstract. 

[CLAIMS] 
[CLAIM 1] 

A battery measuring apparatus for measuring, in accordance 
with at least one predetermined information among a charge 
current, a discharge current, and a terminal voltage, predetermined 
properties including a remaining amount and a life judgment, the 
battery measuring apparatus comprising: 

means for expressing, by using a transfer function, a voltage 
delay property that is in accordance with the current, and 
performing an advancing compensation with respect to the 
predetermined information by using an inverse property of the 
transfer function, 

the battery measuring apparatus measuring the 
predetermined properties by using corrected information, which is 
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obtained by the advancing compensation. 
[0001] 

[INDUSTRIAL FIELD] 

The present invention relates to a battery measuring 
apparatus, and more specifically, to an apparatus for measuring, for 
example, various properties (performance characteristics) of a 
battery, such as a remaining amount and a life judgment. 

[0009] 

...An object of the present invention is to provide a battery 
measuring apparatus capable of detecting, in real time, an accurate 
terminal voltage (including an open-circuit voltage) of a battery not 
only after the battery has stopped charging/ discharging electricity, 
but also while the battery is charging/ discharging electricity, 
thereby measuring, accurately and instantly, various properties of 
the battery, such as a remaining amount and a life judgment. 
[0010] 

[MEANS TO SOLVE THE PROBLEMS] 

To solve the problems above, the battery measuring 
apparatus of the present invention is a battery measuring 
apparatus for measuring, in accordance with at least one 
predetermined information among a charge current, a discharge 
current, and a terminal voltage, predetermined properties including 
a remaining amount and a life judgment, the battery measuring 
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apparatus comprising means for expressing, by using a transfer 
function, a voltage delay property that is in accordance with the 
current, and performing an advancing compensation with respect to 
the predetermined information by using an inverse property of the 
transfer function, the battery measuring apparatus measuring the 
predetermined properties by using corrected information, which is 
obtained by the advancing compensation. 
[0013] 

...the battery is regarded as a control target having a 
first-order or second-order predetermined delay. A model of the 
delay of the voltage with respect to the current, the delay being 
caused by the chemical reaction and the dispersion, is created by 
considering a speed of the dispersion, which is caused by a 
temperature difference. In this way, the delay phenomenon is 
expressed by a transfer function. Then, an advancing compensation 
is performed for a variation of the terminal voltage (variation of the 
electric charge around the electrode) by using an inverse function 
(inverse property) of the transfer function. Values of a corrected 
voltage and a corrected electric charge are those of a case where the 
concentration difference is zero under the current state. 
[0015] 

...in the present embodiment, predetermined properties of 
the battery 11... are measured. First, a voltage measuring section 13 
is connected between positive and negative terminals 11a of the 
battery 11, so as to measure an inter-terminal voltage V. 
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[0016] 

The positive terminal of the battery 1 1 is connected to a 
current measuring section 14 for measuring a discharge current ih 
(which becomes a charge current if ih<0) discharged from the 
battery 11. Via the current measuring section 14, the positive 
terminal of the battery 1 1 is connected to the rectifier 10 and to the 
load 12. Then, the voltage V and the current ih, which are measured 
by the voltage measuring section 13 and the current measuring 
section 14, are supplied to a property calculating section 15. The 
property calculating section 15 calculates, in accordance with 
supplied data, predetermined properties (a remaining amount (total 
electric charge Qa of the battery), an open-circuit voltage Vo, a life 
judgment, and the like). Then, the display section 16 displays the 
predetermined properties. 
[0017] 

...due to an influence of dispersion caused by a 
concentration difference in an electrolysis solution, a predetermined 
delay is caused in the voltage V, which is detected by the voltage 
measuring section 13 as described above. Therefore, the voltage V is 
different from a voltage that should be detected from the battery 1 1 
at that time (voltage that would be detected if there were no 
concentration difference). As a result, even if various properties are 
measured in accordance with the voltage V that is different, there 
are gaps between the measured properties and actual properties. 
[0018] 
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Therefore, the present invention pays attention to the delay 
phenomenon, and regards the battery as a control target having the 
delay. In the present invention, the delay is corrected by performing 
a predetermined advancing compensation, so as to measure, in real 
time, accurate properties such as the remaining amount. 
[0028] 

...In the present embodiment, as shown in Fig. 1(B), the 
property calculating section 15 supplies the discharge voltage ih 
and the terminal voltage V of the battery to an electric charge 
calculating section 17. The electric charge calculating section 17 
calculates a value of the electric charge Qn that is in the region A. 
[0029] 

An output from the electric charge calculating section 17 is 
supplied to a total electric charge calculating section 18, which is an 
advance compensation section. The total electric charge calculating 
section 18 calculates, by multiplying thus given Qn by the inverse 
property of the transfer function, the total electric charge Qa that 
the battery 11 currently has, and that is not influenced by the 
dispersion. 
[0031] 

Moreover, in the present embodiment, an output from an 
open-circuit voltage calculating section 19 is supplied to a life 
judging section 20. The life judging section 20 judges a degree of 
deterioration of the battery. When a discharge current is discharged 
from the battery so as to discharge the electric charge, the greater 
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the degree of deterioration of the battery is, the faster a degree of 
decrease of the terminal voltage due to elapse of time (discharge 
property) decreases. Therefore, the life judging section 20 causes a 
pseudo electric power failure, then measures how much the 
terminal voltage is decreased, and judges that a life of the battery- 
has expired, for example, if no more than a certain length of time is 
required until the voltage reaches a certain threshold value. 
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